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Disclosed 1s a high-temperature fuel cell system including
individual SOFC fuel cells which are 1n contact with each
other to be electrically connected 1n parallel or in series.
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lically conductive jacket and a ceramic core. For example,
ceramic felts can be enveloped by a nickel net by adequately
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HIGH-TEMPERATURE FUEL CELL SYSTEM
AND METHOD FOR THE PRODUCTION OF
CONTACTING ELEMENTS FOR SUCH A
FUEL CELL SYSTEM

PRIORITY STATEMENT

This application 1s the national phase under 35 U.S.C. §371
of PCT International Application No. PCT/EP2005/054888
which has an International filing date of Sep. 28, 2003, which
designated the United States of America and which claims

priority on German Patent Application number 10 2004 047
733.7 filed Sep. 30, 2004, the entire contents of which are
hereby incorporated herein by reference.

FIELD

Embodiments of the invention generally relate to a high-
temperature fuel-cell system comprising a plurality of indi-
vidual fuel cells, which make contact with one another 1in
order to be connected electrically i parallel and/or in series.
Flexible and electrically conductive contact-making ele-
ments may be used for this purpose. Embodiments of the
invention also generally relate to a method for production of
contact-making elements for a fuel-cell system such as this.

BACKGROUND

In the prior, art, contact strips are used in order to make
electrical contact with solid-ceramic fuel cells, connected 1n
series or 1n parallel. The contact strips are, for example,
applied along a tubular fuel cell to the interconnector that 1s
already provided there, and 1n each case connect the cathode
and anode of two individual fuel cells which are arranged one
above the other (connected electrically 1n series). A plurality
ol adjacent fuel cells can be electrically connected to one
another by way of one contact strip, 1n order to connect them
in parallel (electrical connection 1n parallel).

Known contact-making elements which have been used in
the past for electrical connection of tubular high temperature
tuel cells are composed of nickel felt strips, which include a
multiplicity of fine nickel fibers with a thickness of only a few
tens of micrometers, and are therefore both flexible and com-
pressible. In the compressed state, the nickel felt strips have a
width of about 6 mm, and a height of 3 to 4 mm.

The height of the contact strip during 1ts system 1s governed
by the distance which must be bridged by the contact between
two cells. This 1s described 1n detail, for example, in EP 0320
087 B1 and 1n EP 0 536 909 A1l. For correct use, the nickel
telts are adhesively bonded to the interconnector on the one
hand and to the anode on the other hand, by way of a nickel
paste. The paste 1s sintered at the operating temperature of the
high-temperature fuel cells.

The production of the latter nickel felts 1s time-consuming,
and associated with a large number of manufacturing steps.
This incurs high costs. Furthermore, one undesirable charac-
teristic of these contact strips 1s that the nickel felts can be
resintered during long-term operation, and thus the cell con-
tact becomes rigid as a result of loss of flexibility and elas-
ticity. This canresult 1n the contacts being torn oif, and thus in
the fuel-cell system losing power, in the event of major tem-
perature tluctuations.

SUMMARY

At least one embodiment of the invention provides a fuel-
cell system comprising a multiplicity of individual fuel cells,
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2

in which the contact for electrical connection of the individual
cells 1in parallel or 1n series 1s improved. At least one further
embodiment of the mvention specifies production methods
for contact-making elements such as these.

The subject matter of at least one embodiment of the inven-
tion 1s directed to a contact-making element 1n which the
electrical contact 1s formed from a metallic mesh, a metallic
kmitted fabric, or expanded metal into which a ceramic inner
core 1s mcorporated. In particular, a ceramic felt, mesh, knit-
ted fabric or ceramic cord 1s incorporated as the iner core.
Theuse of ceramic fibers with an additive means that the inner
core 1s flexible, and this 1s particularly advantageous for the
specific purpose.

At least one embodiment of the invention therefore advan-
tageously allows the metallic and ceramic matenals, with
their respective positive material characteristics, to be used in
conjunction with one another, thus allowing long-term, flex-
ible contact to be made with high-temperature fuel cells. In
this case, both the forces between two fuel cells and the forces
along an individual tubular fuel cell, which may have a length
of up to 1800 mm and may therefore have geometric distor-
tion, can be absorbed.

As already mentioned, a felt 1s advantageously used as the
ceramic core ol the contact-making element. The ceramic felt
1s preferably composed of aluminum oxide (Al,O,), possibly
with components of silicon oxide (510, ) or so-called molite.
Nickel or a nickel alloy 1s used 1n a known manner as the
material for the metallic sheath.

In the case of at least one embodiment of the invention, the
object of the metallic sheath 1s to pass the electric current on
from cell to cell without any significant losses, and to ensure
the mechanical cohesion of the cell assembly formed, for
example, from 3x8=24 cells. In contrast, the ceramic felt acts
as a flexible butfer between the cells when the SOFC 1s 1n
operation, and 1n the event of thermally induced deformation
of the cell assembly.

Atleast one embodiment of the invention has the advantage
that the ceramic core cannot be sintered, 1n contrast to nickel
woven fabric, at the high operating temperatures of the fuel
cell of about 1000° C. Furthermore, the ceramic core between
the metal connectors can act as sintering protection for the
nickel components 1n the contact strip, and additionally as a
flexible spacer as well. The electric current 1s carried by the
clectrically conductive nickel while, 1n contrast, the electri-

cally msulating ceramic core has no current-carrying func-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

Further details and advantages of the mmvention waill
become evident from the following description of the figures
of example embodiments 1n conjunction with the patent
claims. In the figures:

FIG. 1 shows a detail of a fuel-cell system with the cell
contact between two 1ndividual fuel cells, according to the
prior art,

FIGS. 2 and 3 show two example embodiments for
arrangements with an outer nickel mesh and an iner Al,O,
felt,

FIG. 4 shows an example embodiment with a rigid ceramic
core,

FIG. 5 and FIG. 6 show two alternative configurations of
contact-making elements,

FIG. 7 shows an arrangement comprising six tubular fuel
cells, and
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FIG. 8 shows an alternative embodiment to that shown 1n
FIGS. 2/3, specifically for a so-called HPD (High Power

Density) tuel-cell system.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

FIG. 1 shows an arrangement with two tubular tuel cells 1,
2, corresponding to the prior art. 10 and 10' denote sintered
cathode tubes, on which individual functional layers are
located 1n order to form the fuel cell. Functional layers such as
these are at least an electrolyte 11 on the one hand and an
anode 12 on the other hand. Intermediate layers can also be
provided, but are not 1llustrated in detail in FIG. 1.

Since a large number of individual cells must be electr-
cally connected to one another 1n order to achieve sufficient
voltages and currents, the individual cells are, for example,
connected 1n series with one another. For this purpose, the
cathode of a first cell must 1n each case make contact with the
anode of a second cell. For this purpose, a so-called intercon-
nector 15 1s located on the cathode tube 10, 1n a narrow area
which 1s not covered by the electrolyte 11 or by the anode 12.
A separate contact element 20 1s fitted to the interconnector
15, 1n order to make contact between the cell 10 and the next
cell 10'.

Conventional tubular fuel cells have a diameter of, for
example, 22 mm, with the cathode tube having a thickness of
2 mm. The cathode tubes are about 1800 mm long, and are
closed at one end. The interconnector 15 1s located on the
cathode tube 10, as a narrow strip with a thickness of about
100 um. The electrolyte 11 and the anode 12 likewise have a
thickness 1n the region of about 100 pum.

For correct connection of two fuel cell tubes 10 and 10, the
contact 20 must have a thickness of about 3 mm. Since the
tuel-cell arrangement operates at temperatures in the region
of 1000° C., the materials must be matched to one another,
particularly in terms of their coellicients of expansion, in
order to ensure adequate robustness. This does not apply to
the nickel used for the ceramic components. The nickel con-
tacts that are normally used according to the prior art must
therefore be elastic and flexible up to a certain extent, and this
1s made possible by their structure, for example of the knitted
fabric.

FIG. 2 shows a contact 200 which contains a ceramic felt
201 as the core, and 1s provided with a nickel sleeve 202. The
ceramic felt 1s advantageously composed of aluminum oxide
(Al,O,) with additives of silicon oxide (S10,) or molite. The
nickel protection 202 which 1s arranged around the felt 201
may, for example, be a mesh or a knitted fabric.

The knmitted fabric may have a porosity o1 >80% with a wire
thickness of between 50 um and 150 pum.

The contact 200 conducts electrons, 1s thermally stable and
1s suificiently gas-permeable.

Instead of using nickel as the material for the protective
sleeve, 1t 1s also possible to use a nickel alloy, which 1s
likewise available 1n the form of wire. Wires such as these
may also be composed of a nickel alloy, 1n particular a two-
component alloy with nickel as the basic metal and with a
metallic secondary component. However, multiple-compo-
nent alloys having a plurality of secondary components are
also possible.

In particular, secondary components for the nickel alloy
may include the metals copper (Cu), chromium (Cr), cobalt
(Co) or titanium (11), or their oxides. The total component of
the secondary components should not exceed 30% by weight.

In FIG. 3, the ceramic core 301 of a contact-making ele-
ment 300 1s composed of a fixed ceramic part 303, which 1s
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4

covered on both sides by a flexible nickel layer 302, i par-
ticular the felt shown 1n FIG. 2.

As shown 1n FIG. 4, 1t 1s also possible for the fixed ceramic
part 403 of a contact-making element 400 to be directly
surrounded by the flexible nickel mesh 402. In this case, 1n 1ts
vertical area in FIG. 5, the nickel mesh 402 1s used to absorb
forces and to ensure tlexibility.

FIGS. 5 and 6 show two alternative embodiments of con-
tact-making elements 500 and 600. In this case, as shown 1n
FIG. 5, anAl,O; felt 501 can be completely surrounded by the
nickel knitted fabric/mesh 502. In contrast, as shown 1n FIG.
6, the mesh 602, as a molding, forms holders for the ceramic
telts 601, 601"

The described arrangement combines the advantages of a
ceramic material on the one hand with the advantages of a
metallic material on the other hand. Contact-making ele-
ments produced in this way are more suitable for making
contact with two tubular fuel cells than the contact strips used
in the prior art. In particular, even in the event of frequent
temperature fluctuations, undesirable sintering processes,
which are normally associated with material becoming
brittle, and thus causing deterioration of the elasticity char-
acteristics can be effectively avoided.

FIG. 7 shows an arrangement comprising six tubular fuel
cells, which are each connected 1n pairs, 1n series. The fuel
cells 1 to 6 are indicated. A compact contact structure 700 1s
illustrated between the fuel cells, composed of 1ndividual
internal Al,O, parts 701, which are positioned at a suitable
lateral point and are surrounded by a nickel mesh 702. A
series circuit comprising the cells 1/4, 2/5 and 3/6, as well as
a parallel circuit comprising the cells 1/2/3 and 4/5/6 are
therefore provided over an area.

FIG. 8 shows two so-called HPD fuel cells 8 and 9. HPD
tuel cells such as these comprise a tlat sintered body, which
may have a planar or corrugated surface, in which, for
example, s1x or eight individual inner tubes are incorporated.
The output power 1n this case 1s particularly high (high power
density) 1n comparison to individual tubes, as a result of the
tuel gas being supplied in a preferred manner on the one hand,

and gas being supplied from the air on the other hand.

A contact-making element 800, which 1s composed 1n
places of individual AL,O, felts 801, 801', each with metal
meshes 802 arranged 1n a meandering shape around them, 1s
located between the two HPD fuel cells 8 and 9.

The latter arrangement allows two HPD fuel cells 8 and 9
to be connected to one another 1n an electrically reliable and
mechanically robust manner. No faults occur even during
long-term operation at high temperatures.

Example embodiments being thus described, 1t will be
obvious that the same may be varied 1n many ways. Such
variations are not to be regarded as a departure from the spirit
and scope of the present invention, and all such modifications
as would be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

The mvention claimed 1s:

1. A high-temperature fuel-cell system, comprising;:

a plurality of individual fuel cells; and

at least one flexible contact-making element to electrically
connect the fuel cells with one another at least one of 1n
parallel and 1n series, the at least one tlexible contact-
making element including a ceramic core and a sleeve of
a metallic conductive material around the ceramic core,

wherein the metallic conductive material 1s in the form of at
least one of a mesh and a knitted fabric.
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2. The high-temperature fuel-cell system as claimed in
claiam 1, wherein the at least one flexible contact-making
clement conducts electrons, 1s thermally stable and 1s gas-
permeable.

3. The high-temperature fuel-cell system as claimed in
claim 1, wherein the ceramic core 1s a felt.

4. The high-temperature fuel-cell system as claimed in
claim 1, wherein the ceramic core 1s a mesh.

5. The high-temperature fuel-cell system as claimed in
claim 1, wherein the ceramic core 1s a knitted fabric.

6. The high-temperature fuel-cell system as claimed 1n
claim 1, wherein the ceramic core 1s a cord.

7. The high-temperature fuel-cell system as claimed in
claim 3, wherein the felt 1s composed of ceramic fibers and at
least one additive.

8. The high-temperature fuel-cell system as claimed in
claim 1 wherein the metallic conductive sleeve 1s 1n the form
of the mesh, and the mesh 1s composed of at least one of nickel
and a nickel alloy.

9. The high-temperature fuel-cell system as claimed in

claim 1, wherein the metallic conductive sleeve 1s 1n the form
ol the knitted fabric, and the knitted fabric 1s composed of at
least one of nickel and a nickel alloy.

10. The high-temperature fuel-cell system as claimed 1n
claim 8, wherein the nickel alloy 1s a two-component alloy
that includes a primary and a secondary metallic component,
or a multiple-component alloy that includes the primary
metallic component and a plurality of secondary metallic
components.

11. The high-temperature fuel-cell system as claimed 1n
claim 10, wherein the secondary metallic component or the
plurality of secondary metallic components 1s at least one
clement from the group consisting of copper, chromium,

cobalt, and titanium.
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12. The high-temperature fuel-cell system as claimed in
claim 10, wherein the secondary metallic component of the
two-component alloy 1s =30% by weight of the nickel alloy,
or

the plurality of secondary metallic components of the mul-

tiple-component alloy are, collectively, =30% by
weilght of the nickel alloy.

13. The high-temperature fuel-cell system as claimed in
claim 1, wherein the knitted fabric has a porosity of >80%,
with a wire thickness of between 50 um and 150 um.

14. The high-temperature fuel-cell system as claimed in
claim 4, wherein the mesh of the ceramic core 1s composed of
ceramic fibers and at least one additive.

15. The high-temperature fuel-cell system as claimed in
claim 5, wherein the knitted fabric of the ceramic core 1s
composed of ceramic fibers and at least one additive.

16. The high-temperature fuel-cell system as claimed in
claim 6, wherein the cord of the ceramic core 1s composed of
ceramic fibers and at least one additive.

17. The high-temperature fuel-cell system as claimed in
claim 2, wherein the metallic conductive sleeve 1s 1n the form
of the mesh, and the mesh 1s composed of at least one of nickel
and a nickel alloy.

18. The high-temperature fuel-cell system as claimed in
claim 2, wherein the metallic conductive sleeve 1s in the form
of the knitted fabric, and the knitted fabric 1s composed of at
least one of nickel and a nickel alloy.

19. The high-temperature fuel-cell system as claimed in
claim 9, wherein the nickel alloy 1s a two-component alloy
that includes a primary and a secondary metallic component,
or a multiple-component alloy that includes the primary
metallic component and a plurality of secondary metallic

components.

20. The high-temperature fuel-cell system as claimed 1n
claim 1, wherein the sleeve of the metallic conductive mate-
rial 1s coaxially around the ceramic core.
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